Air can play a vital role as a reservoir for both pathogenic and non pathogenic living microorganisms. Microbial contamination of air hospitals is considered as a source of hospitalassociated infections. This study aimed to assess microbial profile of air contamination in different wards of Rafidia Hospital, City of Nablus-Palestine, during the period September and October 2014, using both an active and a passive sampling methods. Results of this research showed that total viable count of Gram positive bacteria; coagulase-negative staphylococci (CoNS) and Micrococcus spp. were the most predominant among isolated bacteria from air samples in all surgical operation rooms (SOR), intensive care unit (ICU) and neonatal room (NR) by passive air sampling method. /h to 7935 CFU/ m 2 /h by passive air sampling method. In this study, ERIC PCR profile (number and size of bands) revealed that clinical bacterial strains S. aureus, E. coli and Klebsiella spp. and those isolated from air samples collected at the same time were not clonally related. This study is considered the first one to be conducted in Palestine in order to determine air bacterial isolates in SORs, ICU and NR. More studies are warranted on quality of air in these rooms. These data may be valuable to develop interventions to improve the microbial indoor air quality among hospital SORs, ICU and NR and also for preventing or decreasing the occurrence of the nosocomial infections.
INTRODUCTION
The awareness for quality indoor air is necessary especially in institutionalized settings that harbor a large number of people such as hospitals, nursing homes, prisons, schools, universities and hotels because contaminated air with harmful pathogens or toxic chemical substances can cause both mild or severe health problems [1] . The quality of indoor air in hospitals is related to microbial contamination at a given time period and depends on external and internal sources, cleaning procedures, number of occupants, their physical activities and resultant aerosol generation, human traffic and the efficiency of ventilation [2] [3] [4] . Some patients acquire nosocomial infections during hospitalization and this result through direct or indirect contact with contaminated inanimate objects. Improper/ unhygienic ventilation system in hospitals can continually be a source of hospital acquired infection [5] . Cause-and-effect relationship between airborne pathogen levels and nosocomial infections is not known yet, but it could be hypothesized that decreasing the level of these pathogens in the air would result in providing an environment that would help lower the risk of hospital acquired infection [6, 7] . Nosocomial infection rate varies from 5-10% in the developed countries to 25% or more in developing countries. These infections are mainly caused by pathogens or surfaces contaminated by the pathogens or air contaminated with microbial infections nuclei [8] .
Recognition of microbial profile and control of microbial contamination of hospital air wards has a considerable importance particularly for airborne infections [9] . In one study, air samples from ten conventionally ventilated surgical operation rooms (SOR) were taken simultaneously by the sedimentation method and by the air sampler. The most commonly isolated pathogenic species of bacteria were: Staphylococcus aureus (S. aureus), Enterococcus spp., Streptococcus spp., Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter lwoffii and Alcaligenes faecalis. The dominant fungal species were Penicillium spp. and Cladosporium spp [3] . Air samples from seven different SORs were processed and the bacterial isolates were S. aureus, coagulasenegative staphylococci (CoNS), Acinetobacter spp. and Klebsiella spp. Coagulase-negative staphylococci were the dominant bacterial species isolated from the SORs [10] . Another study, showed that S. aureus was isolated from all the air samples obtained from the various SORs except ENT (ear, nose and throat). Coagulase-negative staphylococci were isolated from air samples from all the SORs with the lowest prevalence in eye (50%) and urology (48%). Other pathogens were also isolated such as Aspergillus spp., Bacillus spp. and Streptococcus spp. [11] . In recent study, higher concentration of microorganisms was detected when medical staff was present in the room and investigation or treatment was carried out. The majority of microbial findings in the air were Gram-positive cocci (CoNS, Micrococcus spp., Sarcina spp.). Findings of Gramnegative bacteria Pseudomonas aeruginosa (P. aeruginosa) were sporadic as well as the incidence of fungi (Cladosporium spp., Penicillium spp.) [12] . Male medical ward and male surgical general ward showed the highest bacterial and fungal growth while the SOR was almost free of microbial load. [16] . Most frequently isolated bacteria from autopsy room air were CoNS, Micrococcus spp., Bacillus spp. and diphtheroid bacillus for the Gram-positive, and Acinetobacter spp., Proteus mirabilis (P. mirabilis) and E. coli for the Gram-negative groups. Most frequently isolated fungi were Penicillium spp., Alternaria spp. and A. flavus [17] .
In Palestinian hospitals there are no previous studies on the prevalence airborne microorganisms. The present study aimed to assess microbial profile of hospital air contamination in SORs, ICU and neonatal room (NR) of Rafidia Hospital-City of Nablus using both active and passive sampling methods and to further assess the correlation between the results of the different sampling methods. In addition, to ascertain the role of some of these airborne microorganisms in nosocomial infections in cultures collected from hospitalized patients at the same time using ERIC-PCR technique.
MATERIALS AND METHODS

Study Area and Site of Samples Analysis
Hospital air samples were collected between September and October 2014. The collected samples were cultured, identified and analyzed in Department of Biology and Biotechnology, Science College, An-Najah National University, city of Nablus-Palestine. 
Air Sampling
Passive air sampling (Sedimentation technique)
Sedimentation technique was carried out as described previously [13] . This technique was done using open Petri dishes containing different culture media. Duplicate set of plates of each medium (TSA, blood agar, MacConkey agar and Mannitol salt agar were distributed at different sites of examined SORs, ICU and NR. The plates were placed at 2 chosen sites in the concerned SORs, ICU or NR at about 1 meter above the ground level. The samplings were done at the morning hours (8.00-12.00 am) two times weekly for 3 weeks. All samples were collected with closed windows and doors. Samples from SORs were carried out at different critical sites (near the surgeon and the surgical instruments) and were left open to the air for one hour during operation times.
Bacterial Identification
Media used by passive and active air sampling were transferred immediately to the Microbiology Laboratory-An-Najah National University and incubated at 37°C/48 h. The number of CFU/m 2 was then calculated. Bacterial colonies were characterized by cultural, morphological and microscopic examination, and further identification was carried out by different biochemical tests. Colonies of fungal growth were identified based on colony appearance and microscopic examination using lactophenolcotton blue dye.
Antibiotic Susceptibility Test
Antimicrobial susceptibility for some bacterial strains was determined according to the Clinical and Laboratory Standard Institute (CLSI) using the disk diffusion method [18] . Some bacterial isolates were examined for resistance using the following antibiotic disks (Oxoid): ciprofloxacin (5 µg), norfloxacin (10 µg 
DNA Extraction and Enterobacterial Repetitive Intergenic Consensus-PCR (ERIC-PCR)
Total genomic bacterial DNA for certain airborne isolated strains and from clinical samples collected from inpatients by hospital lab was extracted for PCR according to a method described previously [19] . Briefly, a loop full of bacterial cells was scraped off an overnight nutrient agar plates, washed twice with 1 ml of 1X Tris-EDTA buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8). The pellet was then re-suspended in 500µl of sterile distilled water and boiled for 10-15 min. After that, the suspension was incubated on ice for 5-10 min. Debris was pelleted by centrifugation at 11,500 X g for 5 min. DNA concentration was determined using spectrophotometer and the DNA samples stored at -20°C until further use for ERIC-PCR analysis. ERIC-PCR was performed using Primer ERIC1: 5`-ATG TAA GCT CCT GGG GAT TCA C-3` and Primer ERIC2: 5`-AAG TAA GTG ACT GGG GTG AGC G-3` [20] . Initial denaturation for 2 min at 94ºC was followed by 40 cycles of denaturation at 94ºC for 60 s, annealing at 50ºC for 40 s and extension at 72°C for 1 min, with a final extension step at 72°C for 5 min. The PCR products were analyzed by gel electrophoresis on 1.7% agarose gel, after that, the gel was stained with ethidium bromide (0.5 µg/ml), and then the gel was photographed for further analysis. Fingerprints were compared visually.
Statistical Analysis
Generated data was analyzed by simple mean value and percentages. T-test to differentiate between two sampling methods (A p value of < 0.01 was considered statistically significant).
RESULTS ANS DISCUSSION
Bioload and Microbial Profile
The bioload and type of airborne microorganisms in hospitals or their parts can be used to determine the degree of cleanliness. In current study, Microbial profiles of simultaneous cultures obtained from hospital air samples by active and passive sampling in different wards are presented in Tables 1 and 2 [12] It is also mentioned that for ultra-clean operation rooms the microbiological concentration should be less than 1.0 CFU/m 3 in the middle of an empty room and less than 10 CFU/m 3 during an operation and should not be greater than 20 CFU/m 3 at the periphery. However, the airborne bacterial load in a modern ventilated operation room should not exceed 30 CFU/m 3 [11] .
Fungi and yeast
In this study, the total viable count of Grampositive bacteria was the most frequent microorganisms cultured from different wards. It was also found that CoNS and Micrococcus spp. were the most predominant among isolated bacteria from air samples collected from various wards by passive air sampling method. (Table 2) . Results indicate that there is statistically significant difference at P < 0.00001 between the two sampling methods in favor of passive sampling method. These results were consistent with other studies [12, 13] , which showed that microbiological load varied between wards in the same hospital. A number of studies have been carried out in SORs to determine relation between total airborne microbial load in these rooms and risk of infection. It has been observed that microbial loads in the range of 700-1800/m 3 were significantly associated with risk of infection and the risk was slight when the microbial loads were less than 180/m 3 [21] . Results of current study could be used to learn the lesson that such microorganisms levels in different hospital wards could be inappropriate; more a suitable actions should be taken in order to lower the contamination level and to protect the susceptible people who generally use hospital wards. Indoor air of hospitals has a wide range of infectious microorganisms [12, 13, 16, 17, 22] . Results of this report were consistent with other reports published previously [10, 12, 15, 16, 22] , which showed that the majority of bacterial findings in the indoor air were Grampositive bacteria, Gram-negative bacteria were sporadic as well as incidence of microscopic fungi and yeast. Coagulase-negative staphylococci are opportunistic pathogens which could cause infections in immunocompromised patients. Gram-positive bacteria can survive for long time in the form of aerosol than Gramnegative bacteria. This may be due to differences in cell wall structure. Detection of some kinds of microscopic fungi and yeasts in the indoor air where immunosuppressive patients are treated can be a serious risk factor for the incidence of infectious complication [23] . In addition, attention to fungal spores presence in hospital air is very important, allergic reactions have been recorded following inhalation of these spores [24] . Humidity and temperature significantly affected fungi loads in air of these rooms [25] . Staphylococcus aureus is known to be easily harbored in many sites including the throat, nasopharynx, boils, skin, nails and cuts. This microorganism can contribute to the normal microbial flora in the hospital environment causing several infections such as respiratory tract infections, bed sore, post-operative infections and food poisoning under favorable conditions. Results of a report published recently, showed that the prevalence of S. aureus among surgical site infections in the same hospital was 30%, Methicillin resistant S. aureus accounted for 33.3% of a total of S. aureus isolates. Infection with S. aureus is most likely associated with endogenous source as it is a member of the skin and nasal flora and also exogenous source with contamination from environment, surgical instruments or from hands of health workers [26] .
Results of this study were in agreement with previous report [15] , which showed that, results from 2 hospitals (a private and a public) in Jordan, S. aureus, Micrococcus and CoNS were among the most common bacteria identified, whereas fungal species were isolated in both private and public hospitals. Recently, in cross sectional research from 30 wards in five educational hospitals, it was reported that the highest bacterial population was CoNS, Bacillus spp., Micrococcus spp. and S. aureus, respectively [16] . Staphylococcus aureus, S. epidermidis, Micrococus spp. and Bacillus spp. were the most frequently occurring airborne bacterial isolates in the two hospitals in Benin City, Nigeria [27] . In recent study, high air contamination was recorded in general surgery ward of CoNS 100%, S. aureus 66.7% and Bacillus spp. 50%, whereas gynecology ward was contained high contamination of CoNS spp (100%) and S. aureus (50%) with least concentration (33.3%) of Bacillus spp. These results were consistent with results of this research, which showed that Gram-positive bacteria were the predominant contaminants in these hospital wards [28] . In other study, CoNS, Micrococcus spp., Bacillus spp. and diphtheroid bacillus were the most frequently isolated microorganisms from autopsy room, respectively, for Gram-positive bacteria. Acinetobacter spp., P. mirabilis, and E. coli were the most frequently isolated microorganisms for the Gram-negative bacteria [17] . Bacillus spp. commonly exist in the air, in the soil, in dusty environments and also existing as normal intestinal flora in humans as well as animals. Microorganisms associated to this genus are spore forming bacteria that can survive for long periods in the environment. Bacillus spp. other than B. anthracis, could not cause medical problems except for those suffering from immune deficiency. Diphtheroid bacillus as well Corynebacterium spp. may exist in the soil, in the air, in the skin and in mucous membranes. However, these species, except Corynebacterium diphtheriae, are considered as non pathogenic microorganisms for the patients except for those suffering from immune deficiency [17] . In the present study, isolated ) in hospital lobbies. This may be explained that these bacteria are susceptible for dryness and they are not expected to exist in the air [17] . Klebsiella spp. and Escherichia coli are associated with urinary tract infections among catheterized patients. 
Antimicrobial Susceptibility Pattern
The antimicrobial susceptibility pattern of bacteria isolates revealed that the most effective antibiotics were ciprofloxacin, norfloxacin and tetracycline against S. aureus; tetracycline, ciprofloxacin and norfloxacin against CoNS and Micrococcus spp. and ciprofloxacin, Trimethoprim/Sulfamethoxazole and tetracycline against Bacillus spp. The antibiotic resistance profile of the different microorganisms isolated from hospital air by active and passive air sampling is presented in Table 3 . Antibacterial resistance results in increased illness, death cases and health care costs. Hospitalized patients requiring intensive care and extended treatments are at increased risk hazardous exposure to bacterial air contamination. This risk of health setting infection is increased rapidly by the increasing prevalence of antibiotic-resistant microorganisms and multi-drug resistant (MDR) pathogens such as MRSA [29] . This study paid particular attention to the presence of drugresistant species in MRSA and CoNS. In general staphylococcal isolates in this study showed high level of resistance, particularly to Oxacillin. This may indicate that CoNS could be a natural reservoir for disseminating antibiotic resistance genes including methicillin resistant genes into community [30] . 
CONCLUSION
Strategies can be adapted to decrease spreading of microbial contaminants. The quality of indoor air in hospitals is related to microbial contamination at a given time period and depends on external and internal sources, cleaning procedures, number of occupants, their physical activities and resultant aerosol generation, human traffic and the efficiency of ventilation. This study is considered the first one conducted in Palestine, in order to determine air bacterial isolates in SORs, ICU and NR. More studies are warranted on quality of air in these rooms. These data may be valuable to develop interventions to improve the microbial indoor air quality among different hospital wards and also for preventing or decreasing the occurrence of the nosocomial infections.
